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SPECIFICATION 

[TITLE OF THE INVENTION] 

Optical scanning device of a multicolor image forming 
apparatus 

[ABSTRACT] 

[Object] To maJce it possible, in an optical scanning device 
using plastic lenses in lenses to focus respective beams 
emitted from a plurality of laser light sources onto 
photo-conductors, to easily correct scanning line curves 
corresponding to the respective beams. 

[Solution means] At the upper surface of a toroidal lens 18 
as a plastic lens, a curve adjusting means 1 for warping the 
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toroidal lens 18 in a sub-scanning direction is integrally 
provided. The curve adjusting means 1 is composed of holding 
protrusions 2 and 2 formed integrally with a rib 18b of the 
toroidal lens 18, a support plate 3 latched between these 
holding protrusions 2 and 2, and an adjusting screw 8, and when 
the adjusting screw 8 is turned so as to correct a scanning 
line curve, the toroidal lens 18 is curved, and a focal line 
18d thereof is also curved. 
[WHAT IS CLAIMED IS;] 

[Claim 1] An optical scanning device of a multicolor image 
forming apparatus in which a lens group for focusing beams 
emitted from a plurality of laser light sources onto 
corresponding photo-conductors respectively is provided for 
each beam, wherein 

a slit-like plastic lens is used for any of the lenses to 
compose the lens group, and a curve adjusting means to forcibly 
warp the plastic lens in a sub-scanning direction thereof is 
provided. 

[Claim 2] The optical scanning device of a multicolor image 
forming apparatus as set forth in Claim 1, wherein 

the curve adjusting means is provided integrally with the 
plastic lens. 

[Claim 3] The optical scanning device of a multicolor image 
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forming apparatus as set forth in Claim 1, wherein 

respective plastic lenses corresponding to respective beams 
are warped in an identical direction by respectively 
corresponding curve adjusting means to correct curves of 
scanning lines. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to an 
optical scanning device used for an optical writing system of 
an image forming apparatus such as a digital copying machine 
and a laser printer, and in particular, it relates to an optical 
scanning device of a multicolor image forming apparatus which 
forms static latent images on photo-conductor drums by a 
plurality of beams, respectively, and obtains a multicolor 
image by overlapping these images, and in greater detail, it 
relates to an optical scanning device of a multicolor image 
forming apparatus using plastic lenses. 
[0002] 

[Prior Arts] In recent years, digital copying machines and 
laser printers have been put into practical use, which 
simultaneously expose at least two different positions on a 
photo-conductor drum by light beams, develop the respective 
exposed regions by a different-color developing machine and 
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overlap the same, and form a bicolor image by a single-time 
transfer to an output paper or which have four photo-conductor 
drums juxtaposed in an output-paper conveying direction/ 
simultaneously expose with light beams corresponding to the 
respective photo-conductor drums, transfer images developed 
by different-color (yellow, magenta, cyan, and black) 
developing machines, respectively, in order., and overlap the 
same to form a full-color image. 

[0003] In such multicolor image forming apparatuses, beams 
emitted from a plurality of laser light sources are made to 
scan by use of individual lens groups, respectively, to form 
images, and these images are overlapped to form a multicolor 
image, and in this case, the point for improving image quality 
is how accurately scanning lines of the respective beams 
overlap , 

[0004] As modes of overlapping errors of respective scanning 
lines, misalignment in the sub-scanning position, 
misalignment in inclination, and curves exist. Generally, 
with regard to misalignment in the sub-scanning position, by 
controlling timing to start writing, and with regard to 
misalignment in inclination, by adjusting a turn-back mirror 
in the optical path, correction to improve image quality has 
been carried out respectively. However, with regard to the 
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curves, no means for adjusting the same exists, and under 
present circumstances, deterioration in the image quality is 
evaded by heightening relative arrangement accuracy of lens 
groups, which is a generation factor of curves, and 
approximating the absolute amount of scanning line curves to 
zero. For example, in Japanese Unexamined Patent Publication 
No. Hei-4-127115, disclosed is an example of an optical 
scanning device which can maintain a relative arrangement 
accuracy by housing a plurality of scanning means in 
predetermined positions inside a single optical housing. 
[0005] Meanwhile, in recent years, plastic lenses have been 
employed from the viewpoint of low cost and ease in handling, 
however, since plastic lenses are high in thermal expansion 
coefficient compared to an optical housing supporting the same, 
a problem has existed such that if the binding force of the 
optical housing to the plastic lenses is great, the plastic 
lehses themselves are distorted due to an environmental change, 
that is, a temperature fluctuation, thus causing scanning line 
curves, etc. In order to cope with such a problem, for example, 
in Japanese Unexamined Patent Publication No. Sho-63-15212, 
disclosed is a technique wherein a warp preventing body with 
a slit to let laser light pass being formed is fixed to an 
optical housing, a plastic lens is housed therein, and the 
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longitudinal direction of the plastic lens is never bound. By 
binding by the warp preventing body, a warp deformation of the 
plastic lens over time is prevented, and a longitudinal 
expansion/contraction displacement due to a temperature 
fluctuation is tolerated. 
[0006] 

[Problems to be Solved by the Invention] In the method for 
individually correcting scanning line curves corresponding to 
respective beams by heightening arrangement accuracy of the 
respective lens groups, a problem exists in that the correcting 
work is troublesome and requires a lot of slcill. In addition, 
in plastic lenses, the focal line of the lens is easily curved 
by a distortion during molding owing to resin characteristics, 
and in this case, this can cause a scanning line curve. However, 
since the technique disclosed in the above-described Japanese 
Unexamined Patent Publication Sho-63-15212 is merely a 
technique for preventing a warp over time after the lens groups 
are arranged, when plastic lenses with a distortion during 
molding are used, in order to reduce errors due to the 
distortion, arrangement adjustment of the lens groups must be 
carried out. Namely, after all, the conventional techniques 
can only resort to the troublesome method of individually 
correcting scanning line curves by heightening arrangement 
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accuracy of the respective lens groups. In addition, since 
the distortion of plastic lenses during molding is, in terms 
of causes of scanning line curves, completely different from 
arrangement errors of the lens groups, depending on the degree 
thereof, an arrangement adjustment of the lens groups (in a 
broad sense, an arrangement adjustment of the optical system 
components) may not be able to cope therewith. 
[0007] In the present invention, an object thereof is to provide 
an optical scanning device of a multicolor image forming 
apparatus which can easily correct scanning line curves in a 
case where plastic lenses are used regardless of the types of 
causes of the curves and whereby can improve image quality 
(Claim 1) . In the invention as described in Claim 2, 
furthermore, an object thereof is to provide an optical 
scanning device of a multicolor image forming apparatus which 
can further eliminate the problem of distortion of plastic 
lenses due to a temperature fluctuation. In the invention as 
described in Claim 3, furthermore, an object thereof is to 
provide an optical scanning device of a multicolor image 
forming apparatus which can further advance simplification of 
correction work. 
[0008] 

[Means for solving the Problems] Plastic lenses are easily 
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deformed compared to glass and therefore easily cause scanning 
line curves, however, by taking advantage of the easily 
deforming material characteristics to the contrary, if the 
deformation can be intentionally manipulated, it becomes 
possible to easily correct the scanning line curves. Since 
the generation factors of curves are directly manipulated, its 
correcting work becomes extremely easy compared to the work 
to heighten arrangement accuracy of the lens groups. This is 
the gist of the present invention. In detail, in an invention 
as described in Claim 1, in an optical scanning device of a 
multicolor image forming apparatus in which a lens group for 
focusing beams emitted from a plurality of laser light sources 
onto corresponding photo-conductors respectively is provided 
for each beam, employed is a construction such that a slit-like 
plastic lens is used for any of the lenses to compose the lens 
group, and a curve adjusting means to forcibly warp the plastic 
lens in a sub-scanning direction thereof is provided. By a 
curve adjustment of the plastic lens by the curve adjusting 
means, it becomes possible to correct scanning line curves due 
to arrangement errors of the lens groups or a distortion of 
the plastic lenses during molding. 

[0009] In an invention as described in Claim 2, in the 
construction as described in Claim 1, employed is a 
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construction such that the curve adjusting means is provided 
integrally with the plastic lens. Since this results in a 
construction wherein the curve adjusting means is never bound 
by the optical housing, hindrance of a longitudinal 
displacement as a result of a temperature fluctuation of the 
plastic lenses owing to the presence of the curve adjusting 
means can be avoided. 

[0010] In an invention as described in Claim 3, in the 
construction as described in Claim 1, employed is a 
construction such that respective plastic lenses 
corresponding to respective beams are warped in an identical 
direction by respectively corresponding curve adjusting means 
to correct curves of scanning lines. Since procedures for the 
correcting work by the curve adjusting means become uniform, 
the correcting work of scanning line curves becomes further 
simplified. 

[0011] 

[Preferred Embodiment of the Invention] Hereinafter, an 
embodiment of the present invention will be described with 
reference to Fig. 1 through Fig. 6. Overall constructions of 
an optical scanning apparatus to which the present invention 
has been applied are shown in Fig. 5 and Fig. 6. Light source 
units 11 and 12 and 13 and 14 including unillustrated 
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semiconductor lasers and collimate lenses are respectively 
arranged in a manner opposed to a polygon mirror 15 provided 
as a rotating polygon mirror and are supported on attaching 
surfaces formed in an optical housing 10. An average incident 
angle 0 of the light source units 11 and 14 into the polygon 
mirror 15 is set to 60°, and of the light source units 12 and 
13, 75°. In Fig. 5, symbols 35 and 36 denote mirrors, and 
symbols 33 and 34 denote beam detecting sensors, 
[0012] Laser beams emitted from the light source units 11 and 
12 and 13 and 14 are deflected by the polygon mirror 15 and 
are focused by f9 mirrors 16 and 17, which are concave curved 
mirrors formed of coaxial aspherical surfaces and have f9 
characteristics, via plastic toroidal lenses 18, 19, 20, and 
21 composing a surface-tilt correcting system onto the surfaces 
of photo-conductors 28, 29, 30, and 31 in a spot shape, and 
latent images are recorded. These latent images are developed 
by toners of black, yellow, magenta, and cyan, in order, and 
are transferred to output paper to form a color image. 
[0013] The polygon mirror 15 is constructed by staclcing 
3mm-thic]c mirrors in two tiers, in phase, on a motor' s reference 
plane, and the f9 mirrors 16 and 17 are also integrally molded 
with a resin in two tiers with a center-to-center distance of 
3mm, and the normal-line direction of each is inclined with 
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respect to an incident ray by a in contrast to the sub-scanning 
direction. Accordingly, as a description according to the 
drawings, a beam 1 emitted from the light source unit 11 is 
deflected by the lower-tier polygon mirror 15, is reflected 
by a lower tier of the f0 mirror 16, is penetrated through the 
toroidal lens 18 via a mirror 22, and is focused onto a 
photo-conductor 28 via a mirror 24. On the other hand, a beam 
2 emitted from the light source unit 12 is deflected by the 
upper-tier polygon mirror 15, is reflected by an upper tier 
of the f0 mirror 61, is penetrated through the toroidal lens 
19 via a mirror 26, and is focused onto a photo-conductor 29. 
Although flows of beams 3 and 4 of the light source units 13 
and 14 made to scan in an opposed manner are also similar, since 
the rotation direction of the polygon mirror 15 is specific, 
the scanning direction is reversed. Namely, if the light 
source units 11 and 12 are made to scan from the beginning of 
a sentence to the end of a sentence, the light source units 
13 and 14 are made to scan from the end of the sentence to the 
beginning of the sentence. 

[0014] In the present embodiment, the spirit of the present 
invention has been embodied in the toroidal lenses 18, 19, 20, 
and 21 contained in a lens group. Of these toroidal lenses 
18, 19, 20, and 21 provided as plastic lenses, the toroidal 
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lens 18 corresponding to the beam 1 of the light source unit 
11 will be described based on Fig. 1 and Fig. 2. The toroidal 
lens 18 is, as shown in Fig. 2, composed of a lens portion 18a 
and a rib 18b provided so as to surround this lens portion 18a 
in a shape of a slit extending in a main scanning direction. 
Similar to the prior art, the lens is supported in contact with 
a positioning reference plane of an optical housing 10, however 
in detail, this is carried out by placing the bottom surface 
of the rib 18b on sloping support pieces 6 and 6 fixed to the 
optical housing 10, applying convex portions 18c formed at both 
ends of the rib 18b to sloping faces 7a of support pillars 7 
and 7 fixed to the optical housing 10, depressing and holding 
the front surfaces of the convex portions 18c and upper surface 
of the rib 18b by leaf springs 4 and 5 to be fixed via screws 
to the support pillars 7 and 7 , The same applies to the toroidal 
lens 20 to be supported with inclination. 

[0015] At the upper surface of the toroidal lens 18, a curve 
adjusting mean 1 capable of forcibly warping this lens in a 
sub-scanning direction is integrally provided (Claims 1 and 
2) . The curve adjusting means 1 is composed of inverted 
L-shaped, two holding projections 2 and 2 formed on a sub- 
scanning side surface integrally therewith, a support plate 
3 made of a longitudinally rigid sheet metal, to be latched 
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between the holding projections 2 and 2 while being prevented 
from coining off in the upper direction, and an adjusting screw 
8 to be screwed to a screw hole formed in a central portion 
of the support plate 3. The holding projections 2 and 2 are 
provided at positions of mutually approximately equal 
distances from a center 0 of the rib 18b whose overall length 
is 21. 

[0016] As shown in Fig. 1, when the adjusting screw 8 is turned 
in a direction to advance screwing, the support plate 3 rises 
since the front end of the adjusting screw 8 is in contact with 
the side surface of the rib 18b, however, when the shift of 
the support plate 3 is hampered by the holding projections 22, 
the front end of the adjusting screw 8 gradually pressurizes 
the toroidal lens 18, whereby the toroidal lenses 18 is curved, 
and a focal line IBd thereof is also curved. The pitch of the 
adjusting screw 8 in the present embodiment is approximately 
500|Lim, and accordingly, the toroidal lens 18 can be deformed 
by SOOiimby one revolution of the adjusting screw 8. Although 
this is unillustrated, other toroidal lenses 19, 20, and 21 
also have an adjusting structure similar to that of the toroidal 
lens 18. 

[0017] Next, detailed correcting operations of scanning line 
curves will be described. In the present embodiment, the curve 
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adjusting means 1 in the respective toroidal lenses 18, 19, 
20, and 21 has a one-sided installing structure wherein merely 
a pressurization adjustment in one direction is possible, 
namely, an installing structure wherein if a convex scanning 
line curve already exists in a direction identical to the 
pressurizing direction before adjustment, this cannot be 
straightened (made zero), therefore, in terms of all toroidal 
lenses 18, 19, 20, and 21, a correction to warp these lenses 
in an identical direction is carried out (Claim 3) . For 
example, if scanning line curves corresponding to black Bk, 
yellow Y, magenta M, and cyan C exist in a condition as shown 
in Fig. 3 (a) , not by respectively approximating these scanning 
line curves to zero as in the prior art, but on the basis of 
the scanning line curve corresponding to black Bk, for example, 
a correction to approximate other scanning line curves thereto 
is carried out, as shown in Fig. 3(b). 

[0018] In correction of scanning line curves, it is not always 
necessary to approximate the curves to zero but it is important 
to hold down the size of the scanning line curves to be 0.2mm 
or less so as not to affect an image and to hold down a deviation 
between the respective scanning line curves to be small. In 
the example of Fig. 3, it is unnecessary to correct the scanning 
line curve corresponding to black Bk by the curve adjusting 
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means 1 as this serves as a basis, and correction is carried 
out for only scanning line curves corresponding to the other 
three (yellow magenta M, and cyan C) . In this case, the 
correction of each scanning line curve results in an increase 
in the curve which has been produced before correction, namely, 
results in a scanning line curve being forcibly produced within 
a range of 0.2mm or less so as not to" affect an image. The 
scanning line curve corresponding to cyan C results in a great 
adjusting amount from a - range to a + range. As is obvious 
from Fig. 3 as well, the size in the adjusting amount of each 
scanning line curve results in an order of Y<M<C. 
[0019] Fig. 4 is an experimental graph wherein the curves have 
been actually corrected by the curve adjusting means 1 based 
on the above-described correcting idea for scanning line curves . 
As is obvious from Fig. 4, the absolute amount of the overall 
scanning line curves is large, 125nm (200\m or less), 
deviations between the respective scanning line curves are 
within a range of ±25|im. Accordingly, color deviation can be 
suppressed. 

[0020] As described above, by directly and forcibly deforming 
lenses (herein, the toroidal lenses 18, 19, 20, and 21) 
themselves, which are generation factors of scanning line 
curves, scanning line curves can be easily made ineffectual. 
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namely^ so as not to affect an image regardless of the types 
of causes such as arrangement errors of the lens groups and 
focal line curves of the lenses. In addition, since the curve 
adjusting means 1 is provided integrally with the respective 
toroidal lenses 18, 19, 20, and 21 in the above-described 
embodiment, no binding relationship exists between the curve 
adjusting means 1 and optical housing 10, therefore, no 
distortion as a result of a temperature fluctuation of the 
toroidal lenses 18, 19, 20, and 21 by the curve adjusting means 
1 is produced. 

[0021] Here, even by an adjusting structure wherein the curve 
adjusting means 1 is provided on both sides of the toroidal 
lenses 18, 19, 20, and 21 to approximate the respective scan 
line curves straight (zero), correcting operations are 
remarkably simplified compared to those of the prior art, 
however, as described above, if the adjusting directions are 
made identical by providing the curve adjusting means 1 at only 
one side as described above, correcting operations of scanning 
line curves become simple and uniform and thus become further 
simplified. 

[0022] In the above embodiment, a construction wherein the 
respective toroidal lenses 18, 19, 20, and 21 are warped by 
pressurization by the adjusting screw 8 has been employed. 
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however, the spirit is not limited hereto. For example, as 
shown in Fig. 7, a construction may be employed, such that while 
curving the toroidal lens 18 by an amount to be corrected by 
externally applying a pressure thereto, an adhesive whose 
solidification can be externally manipulated, which has been 
filled in the gap between the lens and support plate. 3, for 
example, an ultraviolet curing adhesive 9 is fixedly fitted, 
and this curved shape is fixed. In addition, in the 
above-described embodiment, a construction wherein the curve 
adjusting means 1 is provided integrally with the lens has been 
employed, however, as shown in Fig. 8, a construction may be 
employed, such that the toroidal lens 18 is curved by being 
pressurized at a central portion thereof by a curve adjusting 
means 100 provided in the optical housing 10, and furthermore, 
as shown in Fig. 9, a construction may be employed, such that 
the toroidal lens 18 is curved by being pressurized at both 
end portions by curve adjusting means 101 and 101 provided in 
the optical housing. 
[0023] 

[Effects of the Invention] According to the invention as 
described in Claim 1, since a curve adjusting means to forcibly 
warp a plastic lens is provided, a scanning line curve can be 
easily corrected without carrying out a delicate and 
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troublesome arrangement adjustment of the lens group, and 
accordingly, a high-quality multicolor image without color 
deviation can be obtained, and it becomes possible to take full 
advantage of plastic lenses being low-cost and handy. 
[0024] According to the invention as described in Claim 2, since 
the curve adjusting means is provided integrally with the 
plastic lens, with regard to an attachment to the optical 
housing, as is conventionally done, the attachment can be 
carried out so that, even if a temperature fluctuation occurs, 
no compelling force works on the plastic lens itself, namely, 
so that the plastic lens can be freely expanded and contracted 
in its longitudinal direction. Therefore, in addition to the 
effects of Claim 1, occurrence of an image distortion, etc., 
as a result of a plastic lens distortion due to a temperature 
fluctuation can be prevented. 

[0025] According to the invention as described in Claim 3, since 
lenses corresponding to respective beams are warped in an 
identical direction, adjustment by the curve adjusting means 
is unified, therefore, in addition to the effects of Claim 1, 
correcting operations of scanning line curves can be further 
simplified. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A side sectional view showing a relationship between 
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the plastic lens and curve adjusting means of the optical 
scanning device in the first embodiment of the present 
invention. 

[Fig, 2] An exploded perspective view showing a relationship 
between the plastic lens and curve adjusting means. 
[Fig. 3] Pattern views showing correcting methods according 
to the present invention, for scanning line curves in 
respective plastic lenses, wherein (a) is a view showing a 
condition before correction, and (b) is a view showing a 
condition where, on the basis of a specific scanning line curve, 
others have been adjusted thereto to reduce deviation. 
[Fig. 4] A graph showing data wherein scanning line curves have 
been actually corrected by the correcting methods shown in Fig . 
3. 

[Fig. 5] A schematic view showing an overall construction of 
an optical scanning device according to the present invention. 
[Fig. 6] A schematic view showing an overall construction of 
an optical scanning device according to the present invention. 
[Fig. 7] A sectional view showing a relationship between the 
plastic lens and curve adjusting means. 

[Fig. 8] A schematic view showing a relationship between the 
plastic lens and curve adjusting means in a case where the curve 
adjusting means has been attached to an optical housing. 
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[Fig. 9] A schematic view showing a relationship between the 
plastic lens and curve adjusting means in a case where the curve 
adjusting means has been attached to an optical housing. 
[Description of Symbols] 
1 Curve adjusting means 

11, 12, 13, 14 Light source unit as a laser source 
18, 19, 20, 21 Toroidal lens as a plastic lens 
28, 29, 30, 31 Photo-conductor 



